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[Document Name] Specification 

[Title of the Invention] WATER BASED INK FOR BALL-POINT PEN AND BALL-POINT 

PEN USING THE SAME 

[Claim] 

1. Water based ink for ball -point pen comprising a solvent 
formed by a water and an alcohol ic solvent having a vapor pressure at 20°C 
of 0.5 kPa or higher, a pigment constituting a coloring material, and a 
water-soluble resin constituting a writing fixing agent, wherein an ink 
viscosity at 20°C is within a range of 5 to 30 mPa-s. 

2. Water based ink for ball -point pen according to claim 1, 
wherein the water-soluble resin is present by 5 to 20 mass% with respect 
to a total amount of the ink composition. 

3. Water based ink for bal I -point pen according to claim 1 or 
2, wherein the water-soluble resin is an acrylic resin. 

4. Water based ink for bal I -point pen according to claim 3, 
wherein the aery I ic resin has a molecular weight of 5000 to 20000, a glass 
transition point of 40 to 150°C and an acid value of 50 to 250. 

5. Water based ink for bal I -point pen according to one of 
claims 1 to 4, wherein the solvent formed by a water and the alcoholic 
solvent constitutes 60 to 90 mass% of the entire amount of the ink 
composition, and the alcoholic solvent constitutes 5 to 15 mass% of the 
entire amount of the ink composition. 

6. Water based ink for bal I -point pen according to one of 
claims 1 to 5, wherein the pigment constitutes 1 to 10 mass% of the entire 
amount of the ink composition. 
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7. Bal I -point pen including, at a tip portion of an ink tube, 
a ba 1 1 -po i nt pen t i p rotatab I y support i ng a ba 1 1 e i ther d i rect I y or across 
a tip holder, wherein an ink according to one of claims 1 to 6 is directly 
f i I led in the ink tube. 
5 8. Bal I -po i nt pen according to claim 7, wherein the bal I -point 

pen tip includes a valve mechanism where the ball, rotatab I y supported 
in the pen tip, is pressed to an internal wa 1 1 of a pen tip ridge by a 
coil spring disposed in pressure contact with a rear end of the bal I either 
directly or across a pressing member while not in use, and a gap is formed 
10 between the internal wall of the pen tip ridge and the ball by a thrust 
applied at a writing thereby allowing the ink to flow out. 

9. Ball-point pen according to claim 7 or 8, wherein the ink 
tube is provided with an ink following member, in contact with an ink 
surface at a tail portion opposite to a mounting part at the front tip 

15 for writing. 

10. Ball-point pen according to one of claims 7 to 9, wherein 
the ba 1 1 pen t i p is formed by a sta i n I ess stee I mater i a I and the ba 1 1 has 
an arithmetic mean surface roughness of 5 nm or less. 

11. Bal I -po i nt pen according to one of claims 7 to 10, adapted 
20 for use on a non-permeable writing surface. 

[Detailed Explanation of the Invention] 
[0001] 

[Technical Field] 

The present invention relates to a water based ink for bal I -point 
25 pen having a novel function and bal I -point pen using the same, and more 
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particularly to a water based ink for ball -point pen capable of writing 
on a non-permeab I e surface such as meta I , g I ass or p I as t i cs and ba 1 1 -po i nt 
pen using the same. 
[0002] 
5 [Prior Art] 

As a wr i t i ng utens i I capab I e of wr i t i ng on a permeab I e surface such 
as a paper surface, a ba 1 1 -po i nt pen, hav i ng a ba 1 1 -po i nt pen t i p rotatab I y 
support i ng a ba 1 1 at a t i p port i on of an i nk tube, i s a I ready we 1 1 known. 
On the other hand, as a writing utensil capable of writing on a 

10 non-permeable surface such as metal, glass or plastics, there is known 
a marking pen having a pen tip generally formed by a fiber bundle. The 
marking pen is generally classified into a water based type employing a 
water-based solvent and an oi I based type employing an oily solvent, and 
is widely employed for writing bold characters or writing on the 

15 aforementioned non-permeable surface, but such marking pen is associated 
with two inherent drawbacks. 

A first drawback is that the pen tip, being formed by a fiber bundle, 
is very easi ly deformed or broken. The pen tip formed by the fiber bundle 
realizes a planer contact with the surface to be written, thus enabling 

2 0 a writing of a bold character. Also in case of writing on a non-permeable 
surface, the ink can be coated sufficiently according to the movement of 
the pen tip since a ball rotation as in the ordinary ball-point pen is 
not involved. However a fiber bundle is easi ly broken or deformed at the 
t i p port i on by wr i t i ng, and cannot guarantee a constant wr i t i ng w i dth over 

25 a prolonged use. The pen tip formed by the fiber bundle tends to be 
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deformed particularly in case of writing on a non-permeable surface such 
as of metal, glass or plastics harder than a paper surface. 

A second drawback is that, because a volatile ink is generally 
employed, the writing becomes impossible when the pen is left uncapped 
5 even for a short period. The marking pen employs a pen tip formed by a 
fiber bundle as explained above, and is designed to discharge an extremely 
larger amount of ink from the pen tip in comparison with a bal I -point pen, 
in order to realize satisfactory writing of a bold character or on a 
non-permeable surface. The marking pen is characterized by employing a 

10 volatile ink to appropriately cope with the problems of the drying of 
writing, blotting of writing and penetration of writing to the rear side. 
On the other hand, the ink contained in the fiber bundle of the pen tip 
is in an exposed state, and shows a rapid viscosity increase or 
solidification upon drying-up, whereby the writing becomes impossible. 

15 A recent invention proposes a surface treatment on the fiber bundle to 
extend the service life, but a cautious attention is always required for 
the i nk v i scos i ty because the i nk f I ows by a cap i 1 1 ary act i on i n the ent i re 
ink flow path from an ink adsorbent member to the fiber bundle at the pen 
tip. 

20 An oily ink for ball-point pen utilizing a dye is disclosed for 

example in JP-A Nos. 2002-226760 and 2002-36775. However, such inks have 
low covering power and low resistance to the exposure to sun I ight because 
of the use of a dye, and the writing may fade out when the ink is used 
in an outdoor environment. 

2 5 The marking pen has been employed widely, but involves inherent 
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drawbacks in the factors providing advantageous effects as explained in 
the foregoing, thus leading to limitations in the use. 

Also an ordinary aqueous ball -point pen cannot write on a 
non-permeable surface such as metal, glass or plastics. 
5 As explained above, the marking pen and the ordinary ball -point 

pen are still defective in the writing on the non-permeable surface. 
[Patent Document 1] Japanese Patent Unexamined Publication (JP Kokai) 
2002-226760 

[Patent Document 2] Japanese Patent Unexamined Pub I i cat ion (JP Kokai) 
10 2002-36775 
[0003] 

[Problems to be Solved by the Invention] 

In order to resolve the aforementioned inherent drawbacks of the 
marking pen, there have been made various attempts to form the pen tip, 

15 instead of utilizing the fiber bundle, with a ball-point pen tip formed 
by metal or a resinous material as in the ball-point pen. However, use 
of the metal or resinous material for the pen tip in accordance with a 
mere replacement of the marking pen structure with the ball -point pen 
structure cannot completely eliminate the aforementioned drawbacks but 

20 results in a new drawback. More specif ica 1 1 y, on a non-permeable surface 
for example metal, glass or plastics, the ball does not rotate because 
a resistance on the surface of a ball receiving seat in the pen tip is 
larger than a resistance on the writing surface. In case such 
relationship stands on the ball, the ball cannot rotate because of the 

25 lack of a rotating force on the ball. Unless the ball can rotate, the 
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ink does not flow out from the pen tip, so that satisfactory writing cannot 
be expected. 

In case of the marking pen uti I izing the fiber bundle for the pen 
tip, a uniform and thin ink f i Im is transferred onto the writing surface 
5 because the pen tip is in planar contact with the writing surface. On 
the other hand, from the pen tip of a metal or a resinous material having 
a rotatable ball, the ink is not transferred as a thin and uniform film 
onto the writing surface but as a thick f i Im because the contact between 
the ba 1 1 and the wr i t i ng surface i s const i tuted by a cont i nuat i on of po i nt~. 

10 contacts. A thick ink f i Im formed on the non-permeable surface tends to 
show a peeling after drying, and does not provide a satisfactory fixing 
property for the writing. Also in case of writing on a paper surface, 
an ink f i Im discharged thicker than in the marking pen aggravates the rear 
penetration or the blotting of the writing. 

15 As explained in the foregoing, various investigations have been 

made to improve the damage of the pen tip and the drying-up of the ink 
which are the inherent drawbacks of the marking pen, but none has real ized 
a completely satisfactory performance. 

The present invention is to provide an ink for a ball -point pen 

2 0 capab I e of sat i sf actory wr i t i ng w i thout be i ng restr i cted by the propert i es 
of the writing surface, also being satisfactory in a fixing property, a 
covering power and a fastness, free from a rear penetration or a blotting 
of the writing on paper, and further capable of preventing ink drying on 
the pen tip, and a bal I -point pen uti I izing such ink. The present inventor, 

25 according to the invention, provides an ink for a bal I -point pen, that 
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not only resolves the inherent drawbacks of the conventional marking pen 
but also enables the writing on the non-permeable surface not achievable 
with a ball-point pen, thereby greatly expanding the application of the 
ordinary ball-point pen, and a ball-point pen uti I izing such ink. 
5 [0004] 

[Means for Solving the Problems] 

The present invention provides: 

1. A water based ink for ball -point pen that includes a solvent 
formed by a water and an alcohol ic solvent having a vapor pressure at 20°C 

10 of 0.5 kPa or higher, a pigment constituting a coloring material, and a 
water-soluble resin constituting a writing fixing agent, and has an ink 
viscosity at 20°C of 5 - 30 mPas. 

2. The water based ink for bal I -point pen as described in the above 
aspect 1, wherein the water soluble resin may be present by 5 - 20 mass% 

15 with respect to a total amount of the ink composition. 

3. The water based ink f or ba 1 1 -po i nt pen as described in the above 
aspect 1 or 2, wherein the water-soluble resin may be an acrylic resin. 

4. The water based ink for bal I -point pen as described in the above 
aspect 3, wherein the acrylic resin may have a molecular weight of 5000 

20 to 20000, a glass transition point of 40 to 150°C and an acid value of 50 
to 250. 

5. The water based ink for bal I -point pen as described in one of 
the above aspects 1 to 4, wherein the solvent formed by water and the 
alcohol ic solvent may constitute 60 to 90 mass% of the entire amount of 

25 the i nk compos i t i on, and the a I coho I i c so I vent may const i tute 5 to 1 5 mass% 
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of the entire amount of the ink composition. 

6. The water based ink for ball -point pen as described in one of 
the above aspects 1 to 5, wherein the pigment may constitute 1 to 10 mass% 
of the entire amount of the ink composition. 
5 7. A bal I -point pen that includes, at a tip portion of an ink tube, 

a ba 1 1 -po i nt pen t i p rotatab I y support i ng a ba 1 1 e i ther d i rect I y or across 
a tip holder, wherein the ink as described in one of the above aspects 
1 to 6 is directly filled in the ink tube. 

8. The bal I -point pen as described in the above aspect 7, wherein 
10 the bal I -point pen tip may include a valve mechanism where the ball, 

rotatab I y supported in the pen tip, is pressed to an internal wall of a 
pen tip ridge by a coil spring disposed in pressure contact with a rear 
end of the ball either directly or across a pressing member while in no 
use, and a gap is formed between the internal wall of the pen tip ridge 
15 and the ball by a thrust applied at a writing thereby allowing the ink 
to flow out. 

9. The bal I -point pen as described in the above aspect 7 or 8, 
wherein the ink tube may be provided with an ink following member, in 
contact with an ink surface at a tai I portion opposite to a mounting part 

2 0 at the front tip for wr i ting. 

10. The ball-point pen as described in one of the above aspects 
7 to 9, wherein the bal I -point pen tip may be formed by a stainless steel 
material and the ball has an arithmetic mean surface roughness of 5 nm 
or less. 

2 5 11. The bal I -point pen as described in one of the above aspects 
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7 to 10, which may be used on a non-permeable writing surface. 

The ink viscosity in the invention is measured with a viscosi meter 
Model B8M, manufactured by Tokimec Co. , at a revolution of a BL rotor of 
12 rpm and under an environment of 20°C. 
5 The i nk tube i n the i nvent i on refer s to a cartr i dge of a ba 1 1 -po i nt 

pen ref i 1 1 accommodatab I e. in the shaft tube or the shaft tube itself when 
the ink is filled directly in the shaft tube, and is not restricted in 
the material or the structure as long as the ink tube is provided at a 
front tip portion-with^a-bal kpoint pen-tip rotatab I y- supporting a bal I. 

10 [0005] 

[Mode for Carrying Out the Invention] 

According to the present invention, the ink has a viscosity of 5 
- 30 mPa-s under a measuring environment of 20°C. As explained in the 
foregoing, in writing on a non-permeable surface, the writing surface is 

15 often extremely smooth, thus hardly generating a driving force for causing 
rotation of the ball in the pen tip. As a result of intensive 
investigation, the present inventor finds that a prompt formation of an 
ink film on the ball surface in writing generates a situation where the 
ball can rotate even on a smooth writing surface. Although scientific 

2 0 clarification is not yet enough', the inventor estimates that there is a 
combined effect of a reduction of a rotation resistance by an ink f i 1 1 ing 
of lubricating property around the ball receiving seat, and a formation 
of a wet rotat i on env i ronment by the transfer of v i scous i nk onto the smooth 
writing surface. 

25 The ink viscosity of less than 5 mPa-s under a measur ing env i ronment 
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of 20°C enables satisfactory writing on a smooth non-permeable surface, 
but is unable to prevent a blotting or a rear penetration of the writing 
in case of writing on a paper surface. Also at viscosities exceeding 30 
mPas, a prompt ink f i Im formation is not real ized on the bal I surface at 
5 the writing, and a satisfactory writing cannot be achieved on a smooth 
non-permeable surface. 
[0006] 

The invention employs a pigment as the coloring material. The 

pigment-is-very advantageous as- it can provide a wr i ting. of- a high-covering 

10 power on a non-permeable surface. Also, in comparison with a dye, the 
pigment has a higher resistance for example to the exposure to sun I ight, 
and is advantageous also in the use in an outdoor environment. 

Also, as the pigment forms a dr ied f i Im extremely rapidly in a smal I 
gap formed between a pen tip member and the ball, there is provided an 
15 effect that the drying-up of the ink does not proceed into the interior 
of the pen tip member. A dry f i Im forming property of the pigment, in 
case of a pen tip formed with a fiber bundle, inhibits the capi I lary action 
thereby causing a major difficulty in the ink flow. On the other hand, 
also in a ball-point pen provided with a ball-point pen tip formed by a 
2 0 metal or a resinous material, a writing failure is induced in case the 
drying-up proceeds into the interior of the pen tip. Based on the 
foregoing, the invention most efficiently prevents the writing failure 
caused by the ink drying-up by a combination of a bal I -point pen tip formed 
with a metal or a resinous material and an ink utilizing" a pigment of a 
25 high dry film forming property. A satisfactory writing can be realized 
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by I i mi ting the ink viscosity as explained in the foregoing. The dry film 
formation in the gap of the pen tip could also be real ized by adding for 
example a polymer component in the ink composition, but, in consideration 
of the I imitation in the ink viscosity, it is possible to most efficiently 
5 achieve a satisfactory writing and solve the problem of a drying-up by 
employing a pigment as the coloring material added as an essential 
component. The pigment can be an organic pigment, an inorganic pigment 
or a mod i f i ed p i gment, such as carbon b I ack, or a p i gment of phtha I ocyan i ne 

— type, azo type, quinacridone type, qu i nophtha I one type, threne type or 

10 tri phenyl methane type. 
[0007] 

The invention employs, as a solvent, water and an alcohol ic solvent 
having a vapor pressure at 20°C of 0. 5 kPa or higher. In the invention, 
the solvent is expected to exhibit functions of maintaining dispersion 

15 of the pigment and regulating volati I ity. The present inventor 
exper i menta 1 1 y f i nds that a comb i nat i on of water and an a I coho lie so I vent 
having a vapor pressure at 20°C of 0.5 kPa or higher is most effective. 
The content of a water and the alcoholic solvent is variable by a desired 
ink viscosity and other present components, however it is preferably 60 

20 to 90 mass% with respect to the entire mass of the ink composition. When 
the content is less than 60 mass%, it is difficult to control the drying-up 
of the pen tip because of the low content of the solvent, whi le contents 
exceeding 90 mass% result, because of the large amount of the solvent, 
in a slow drying of the writing and tend to cause a deterioration of the 

25 fixing property and a blotting of the writing. The content of the 
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alcohol ic solvent having a vapor pressure at 20°C of 0. 5 kPa or higher is 
also variable according to the kind of the selected pigment, however it 
is preferably 5 to 15 mass% with respect to the entire mass of the ink 
composition. The content of less than 5 mass% results in a slow drying 
5 of the wr i t i ng, thus caus i ng a rear penetrat i on or a b I ott i ng of the wr i t i ng 
depending on the paper. Also an effective film formation is delayed in 
the gap of pen tip, so that the drying-up of the ink may proceed into the 
interior of the pen tip in a certain environment of standing, thus 
resulting in a writing failure at the start of writing. The contents 

10 exceeding 15 mass%may deteriorate the dispersion stabi I ity of the pigment 
depending on the polarity of the solvent, whereby the usable pigment 
becomes undes i r ab I y restr i cted. A I so an i nk evaporat i on from the surface 
of an ink tank becomes conspicuous, so that the ink tank is restricted 
in a material or a designing thereof. The alcohol ic solvent employable 

15 in the invention is determined in consideration of matching with the 
p i gment, but preferred examp I es of the a I coho I i c so I vent i nc I ude methano I , 
ethanol, 1-propanol f 2-propanol, 1-butanol, 2-butanol and t-butanol. It 
is also possible to select and use two or more of such alcohol ic solvents 
in combination. 

20 [0008] 

The invention employs a water-soluble resin for the purpose of 
improving a fixing property of the writing on a non-permeable surface. 
Though the pigment employed as the coloring material has a film forming 
property, in order to provide the writing with the abrasion resistance, 
25 it is necessary to blend a film forming agent also in view of an adhesion 
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to the writing surface. However, also in this case, in consideration of 
the limitation in the ink viscosity, it is necessary to avoid selecting 
a resinous component which will increase the viscds ity when dissolved in 
the ink. Also a dispersing agent becomes indispensable in order to 
5 ma i nta i n a stab I e d i sper s i on of the p i gment wh i ch i s an essent i a I component. 
A water-soluble resin having a dispersing ability and a fixing ability 
at the same t i me cou I d prov i de a most ef f i c i ent f ormu I at i on in construct i ng 
an ink composition having a restriction in viscosity. The applicable a 
water-soluble resin is represented by an acrylic resin, which is a 

10 preferred water-soluble resin having the pigment dispersing abi I ity and 
the fixing property after drying. The water-soluble resin has to be 
selected in consideration of the ink viscosity in addition to the 
dispersing abi I ity and the fixing property as explained before. A larger 
content of the water-soluble resin improves the fixing property, but, in 

15 consideration of the ink viscosity, a content of 5 to 20 mass% with respect 
to the entire mass of the ink composition is most advantageous. When the 
content is less than 5 mass%, it is difficult to realize a satisfactory 
fixing property of the writing on a non-permeable surface, while the 
content of more than 20 mass% tends to result in an increase in the ink 

20 viscosity and makes it difficult to realize a satisfactory 
writing-starting performance since a strong dried film is formed in the 
pen tip portion. The use of the water-soluble resin in such large amount 
is also one of the features of the present invention. 

The usable water-soluble resin other than the acrylic resin can 

2 5 be, for example, an alkyd resin, a cellulose derivative, 
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polyvinylpyrrolidone, or polyvinyl alcohol. 
[0009] 

In case of employing an acrylic resin, it is desirable to select 
a grade having a molecular weight from 5000 to 20000, a glass transition 
5 point from 40 to 150°C, and an acid value from 50 to 250. As already 
explained in detail, one of the features of the invention is to prevent 
drying of the pen tip by employing a ball -point pen tip formed by a metal 
or a res i nous mater i a I at the pen t i p, adopt i ng a vo I at i I e i nk, and form i ng 
a suitable dry ink f i Im after drying. Also the real ized effects include 

10 an improvement of the fixing property on the non-permeable surface by such 
dry film. In case of acrylic resin, the molecular weight of less than 
5000 cannot form a satisfactory dry film, and a high fixing property on 
the non-permeable surface cannot be expected. Also with the molecular 
weight exceeding 20000, the dry f i Im at the pen tip becomes excessively 

15 strong, whereby a writing failure at the start of writing tends to be 
generated. Also the glass transition point of less than 40°C tends to 
generate a softer film after drying, so that a satisfactory drying of the 
writing is difficult to obtain on the non-permeable surface. The glass 
transition point exceeding 150°C tends to generate a harder film after 

20 dr y i ng, so that the f i x i ng property of the wr i t i ng is undes i r ab I y i mpa i red. 
The acid value of less than 50 makes it difficult to provide a stable ink 
because the sol ubi I ity in water is lowered. Also the acid value exceeding 
250 excessively increases the compatibility in a water, thus impairing 
the water resistance of the writing. The present inventor defined the 

25 preferable ranges experimentally in order to resolve the aforementioned 
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drawbacks and to attain the objectives. 

The characteristics of the water-soluble resin to be employed are 
those as explained before, however the water-soluble resin can be selected 
in a wider range by employing a bal I -point pen tip of a metal or a resinous 
5 material at the pen tip, instead of a fiber bundle. As explained in the 
foregoing, a larger amount of addition of the water-soluble resin provides 
a better fixing property of the writing. Also a water-soluble resin of 
a high film forming property is selected as explained in the foregoing. 
To broaden the range of the water-soluble resin in light of the above is 

10 difficult in a writing utensil utilizing a fiber bundle as the pen tip, 
but can be realized by employing a ball-point pen chip of a metal or a 
resinous material as the pen tip. As an effect of such function, there 
is real i zed a fixing property of the writing on a non-permeable surface, 
not found as with the conventional marking pen. 

15 In the ink composition, there may be added other additives, if 

desired, for example a surfactant such as a phosphoric acid ester for 
realizing an ink wetting or improving the feeling of writing on the 
non-permeable surface and an ant i rusting agent for obtaining an 
ant i rusting effect in case of employing a bal I -point pen tip formed by 

2 0 a metal as the pen tip, also an antiseptic or an ant i mo Id agent such as 
1, 2-benzoisothiazol in-3-one for preventing rotting of the aqueous ink, 
a wetting regulating agent such as water-soluble modified silicone oil 
. for realizing a stable ink wetting on the non-permeable surface, and a 
fixing agent such as an aery I emulsion for further improving the fixing 

25 property of the writing on the non-permeable surface. 
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[0010] 
[Examples] 

In the fol lowing, the present invention wi 1 1 be clarified further 
by examples. 
5 Example 1 

Pigment Black 7 5.0 wt.% 

water-soluble resin (acrylic resin component of trade name: HPD-96) 

4. 5 wt. % 

isopropyl alcohol 7. 0 wt. % 

10 water 80.8 wt.% 

ant i rusting lubricant (trade name: A-208S) 0.5 wt.% 

triethanol amine 1.0 wt.% 

fixing property improving agent (aery I emulsion component of trade name: 
Johncryl 7001) 0.8 wt.% 

15 wetting property improving agent (trade name: KF-618) 0.2 wt.% 
1 , 2-benzo i soth i azo I i n-3-one 0. 2 wt. % 

There were employed Pigment Black 7 as the pigment coloring agent, 
a water as the solvent, and an acrylic resin of a trade name HPD-96 
(manufactured by Johnson Po I ymer I nc. ) hav i ng a mo I ecu I ar we i ght of 16, 500, 

20 a glass transition point of 102°C and an acid value of 240 as the 
water-so I ub I e res i n hav i ng the p i gment d i spers i ng f unct i on and the wr i t i ng 
fixing abi I ity. These components were exactly weighed in predetermined 
amounts and the pigment was uniformly dispersed in a bal I mi 1 1 to obtain 
a pigment dispersion. Then triethanol amine as a pH regulating agent, 

25 a phosphoric acid ester surfactant (trade name Prisurf A-208S, 
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manufactured byDai-ichi KogyoSeiyaku Co.) as the ant i rusting lubricant, 
an acrylic emulsion (trade name Johncryl 7001, manufactured by Johnson 
Polymer Inc.) as the improver of fixing property of the writing, a 
water-soluble modified si I icone oi I (trade name KF-618, manufactured by 
5 Shin-etsu Chemical Co.) as the improver of wetting properties 'on the 
non-permeable surface, and 1, 2-benzoisothiazol in-3-one as the ant i mo Id 
agent were exactly weighed in predetermined amounts, then agitated under 
heating for 1 hour at an agitating temperature of 50°C with a disper 
agitator and was then gradual ly cooled to a liquid temperature of 30°C. 

10 Then to the uniformly mixed liquid, under agitation in the disper, was 
gradual ly added isopropyl alcohol of a predetermined amount having a vapor 
pressure of 4.3 KPa at 20°C and the. mixture was agitated for 20 minutes 
at 30°C to obtain a water based ink for ball-point pen, the ink showing 
a black color and producing a black writing. With respect to the 

15 components of the trade names HPD-96 and Johncryl 7001, the ink was 
designed in consideration of the respective effective solids thereof. 
Also the ink viscosity at 20°C was set to 5 mPa-s. 
[0011] 
Example 2 

20 A water based ink for ball -point pen showing a green color and 

producing a green writing was prepared in the same manner as in Example 
1, except for employing a green pigment Pigment Green 7 as the coloring 
material and also employing an acrylic resin (trade name Johncryl 60, 
manufactured by -Johnson Polymer Inc.) having a molecular weight of 8,500, 

25 a glass transition point of 85°C and an acid value of 215 as the 
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water-so I ub I e res i n hav i ng the p i gment d i sper s i ng f unct i on and the wr i t i ng 
fixing ability, and following other formulations as shown in Table 1. 
With respect to the components of the trade names Johncryl 60 and Johncryl 
7001 r the ink was designed in consideration of the respective effective 
5 sol ids thereof. 
[0012] 
Example 3 

A water based ink for ball-point pen showing a red color and 
producing a red writing was prepared in the same manner as in Example 1, 

1 o except for emp I oy i ng a r ed p i gment P i gment Red 1 70 as the co I or i ng mater i a I 
and following other formulations as shown in Table 1. With respect to 
the components of the trade names HPD-96 and Johncryl 7001, the ink was 
designed in consideration of the respective effective solids thereof. 
[0013] 

15 Example 4 

A water based ink for ball -point pen showing a black color and 
producing a black writing was prepared in the same manner as -in Example 
1, except for employing a styrene-maleic acid resin (trade name Arastar 
703S, manufactured by Arakawa Kagaku Kogyo Co. ) as the water-soluble resin, 

20 and a dispersing agent (trade name NIKK0L TL-10, manufactured by Nikko 
Chemicals Co. ) and fol lowing other formulations as shown in Table 1. With 
respect to the components of the trade names Araster 703S and Johncryl 
7001, the ink was designed in consideration of the respective effective 
sol ids thereof. 

25 [0014] 
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Example 5 

A water based ink for ball -point pen showing a black color and 
producing a black writing was prepared in the same manner as in Example 
1, except for employing as the solvent ethanol having a vapor pressure 
5 at 20°C of 5. 9 KPa and following other formulations as shown in Table 1. 
With respect to the components of the trade names Johncryl 60 and Johncryl 
7001, the ink was designed in consideration of the respective effective 
sol ids thereof, 
[0015] 
10 Example 6 

A water based ink for ball-point pen showing a black color and 
producing a black writing was prepared in the same manner as in Example 
1, except for increasing the amount of the water-soluble resin of the trade 
name HPD-96 and following other formulations as shown in Table 2. With 
15 respect to the components of the trade names HPD-96 and Johncryl 7001 T 
the ink was designed in consideration of the respective effective solids 
thereof. 
[0016] 

Examples 7-9 

2 0 Water based inks for ball -point pen showing a black color and 

producing a black writing were prepared in the same manner as in Example 
1, except for eliminating the ant i rusting lubricant in Example 7, the 
fixing property improving agent in Example 8 and the wetting property 
improving agent on the non-permeable surface in Example 9, and fol lowing 

25 other formulations as shown in Table 2. 
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[0017] 
Example 10 

A ball-point pen 1 is a direct filling ball-point pen directly 
containing the ink composition 7 of Example 1 in an ink tube 2 consisting 
of a shaft tube, and a ball -point pen tip 4 formed by a stainless steel 
material and rotatably supporting a bal I 5 is provided across a tip holder 
3 at a front end of the ink tube 2. 

In the ink tube 2, an ink fol lowing member 8 of grease state, capable 
of following the consumption of the ink, is directly charged in contact 
with an ink surface, at a tail end portion (at a side of a tai I cap 6) 
opposite to the mounting part of the bal I -point pen tip. 
[0018] 

Comparative Examples 1-7 

Water based i nks for ba 1 1 -po i nt pen were prepared i n the same manner 
as in Example 1, except for employing ink compositions as shown in Tables 
3 and 4. 

The ink viscosity was measured with a viscosi meter Model B8M, 
manufactured by Tokimec Co. , at a revolution of a BL rotor of 12 rpm and 
under an environment of 20°C. 

The Examples and the Comparative Examples are shown in following 

tables. 
[0019] 
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Table 1 



Examp I e 


1 


2 


3 


4 


5 


P i gment 


Pigment Black 7 


5.0 






5.0 


5.0 


Pigment Green 7 




7.0 








D i rrman-t- Pari 1 70 

r i gment nea i /u 






7.0 






water— so i ud i e 
resin 


jonncryi ou 
^acryi resin components 


- 


5. 1 


- 


— 


17.0 


nru yo 
(acryl resin component) 


4.5 


— 


12.0 






Aroofar ( ctwrono ma 1 o i n an i rl 

Arastar /uoo vsLyrcrie^iidiciu duiu 
resin component) 


- 


- 


- 


12.0 


- 


Dispersant 


mi k^ni ti -1 n 

vi 1 r\r\UL 1 L 10 

(polyoxyethylene sorb i tan fatty 

on j r\ pctpr^ 
aO 1 U Co LCI / 








3.0 




Solvent 


isopropyl alcohol 


7.0 


7.0 


7.0 


7.0 




ethanol 










7.0 


water 


80.8 


78.2 


71.3 


70.3 


68.3 


Ant i rust i ng 
lubricant 


A ZUOO 

(phosphate ester surfactant) 


0.5 


0.5 


0.5 


0.5 


0.5 


pH regulating 
agent 


tri ethanol amine 


1.0 


1.0 


1.0 


1.0 


1.0 


Fixation 
improving agent 


Johncryl 7001 
(acryl emulsion component) 


0. 8 


0.8 


0. 8 


0. 8 


0. 8 


Wetting 
regulating 
agent 


KF-618 

(water-so luble modified s i 1 i cone 
oil) 


0.2 


0.2 


0.2 


0.2 


0.2 


Ant i mo Id agent 


1 , 2-benzo i soth i azo 1 i n-3-one 


0.2 


0.2 


0.2 


0.2 


0.2 


Ink viscosity 


5.0 


5.0 


20. 0 


20.0 


30.0 


Writing ability on non-permeable surface 


© 


© 


© 


© 


O 


Drying of writing on non-permeable surface 


O 


O 


© 


O 


© 


Fixing of writing on non-permeable surface 


O 


O 


© 


O 


© 


Covering power of writing on non-permeable surface 


© 


© 


© 


© 


© 


Blotting of writing on paper 


o 


o 


© 


O 


© 


Ink drying-up at pen tip 


© 


© 


© 


© 


O 
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Table 2 



Example 


6 


7 


8 


9 




Pigment 


Pigment Black 7 


5.0 


5.0 


5.0 


5. 0 




Pigment Green 7 












Piompnt RpH 17H 












Water— sol ub 1 e 
resin 

* 


• Inhnrr v 1 fiO 
facrvl resin comnonent} 


- 


- 


- 


- 




HPD-96 
(aery 1 res i n component) 


7.0 


12.0 


12.5 


12.0 




Arastar 703S (stvrene— ma 1 e i c acid 
resin component) 


- 


- 


- 


- 




Oispersant 


NIKKOL TL-10 

It 1 IMXUL I L \\J 

(polyoxyethylene sorb i tan fatty 
acid ester) 












Solvent 


isopropyl alcohol 


7.0 


7.0 


7.0 


7. 0 




ethanol 












nQ LCI 


78.3 


74.3 


73.6 


73.5 




Ant" i ri i*if i n*r 
rvi il i i uoL i iig 

lubricant 


r\ Z.UUO 

(phosphate ester surfactant) 


0.5 


- 


0.5 


0.5 




pH regulating 
agent 


tri ethanol amine 


1.0 


0.5 


1.0 


1.0 




Fixation 
improving agent 


Johncryl 7001 (40) 
(aery I emulsion component) 


0.8 


0.8 


— 


0.8 




Wetting 
regulating 
agent 


KF-618 

(water-soluble modified silicone 
oil) 


0.2 


0.2 


0. 2 


_ 




Ant i mo Id agent 


1 , 2-benzo i soth i azo I i n-3-one 


0.2 


0.2 


0.2 


0.2 




Ink viscosity 


10.0 


20.0 


20.0 


20.0 




Writing ability on non-permeable surface 


© 


O 


© 


O 




Drying of writing on non-permeable surface 


© 


© 


O 


O 




Fixing of writing on non-permeable surface 


© 


O 


O 


O 




Covering power of writing on non-permeable surface 


© 


© 


© 


© 




Blotting of writing on paper 


O 


© 


© 


o 




Ink drying-up at pen tip 


© 


© 


© 


© 
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Table 3 



Comparative Example 


1 


2 


3 


4 


5 


Coloring 
mater i a 1 


P i gment 


Pigment Black 7 


5.0 


5.0 


5.0 


5.0 




Dye 


Direct Black 154 










7.0 


Wa+pr— or* 1 1 ih I p 
Ma lci ouiuuic 

resin 


HPD-96 
(acryl resin component) 


3.0 


18.0 


12.0 


— 


12.0 


Dispersant 


NIKKOL TL-10 
(polyoxyethylene sorb i tan fatty 
acid ester) 








3.0 




So 1 vent 


ethylene glycol 






5.0 






isopropyl alcohol 


7.0 


7.0 




7.0 


7.0 


water 


82.3 


67.3 


75.3 


82.3 


71.3 


Ant i rusting 
lubricant 


A-208S 

(phosphate ester surfactant) 


0.5 


0.5 


0.5 


0.5 


0.5 


pH regulating 
agent 


triethanol amine 


1.0 


1.0 


1.0 


1.0 


1.0 


Fixation 
improving agent 


Johncryl 7001 
(acryl emulsion component) 


0.8 


0. 8 


0. 8 


0. 8 


0.8 


Wetting 
regulating agent 


KF-618 

(water-soluble modified silicone 
oil) 


0.2 


0.2 


0.2 


0.2 


0.2 


Ant i mo Id agent 


1 , 2-benzo i soth i azo 1 i n-3-one 


0.2 


0.2 


0.2 


0.2 


0.2 


Ink viscosity 


3.0 


35.0 


20.0 


3.0 


20.0 


Writing ability on non-permeable surface. 


© 


X 


A 


® 


X 


Drying of writing on non-permeable surface 


X 




X 


X 




Fixing of writing on non-permeable surface 


X 




X 


X 




Covering power of writing on non-permeable surface 


X 




X 


X 




Blotting of writing on paper 


X 


® 


X 


X 


X 


Ink drying-up at pen tip 


A 


X 


O 


A 


X 
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Table 4 



Comparative Example 


6 


. 7 








Coloring 
material 


P i gment 


Pigment Black 7 


5.0 


5.0 








Dye 


Direct Black 154 


_ 










Water-soluble 
res i n 


HPD-96 
(acryl resin component) 


-* 


12.0 








Arastar 703S (styrene-maleic acid 
resin component) 


2.5 


- 








Dispersant 


NIKKOL TL-10 
(polyoxyethylene sorb i tan fatty 
acid ester) 












So 1 vent 


ethylene glycol 




3.0 








isopropyl alcohol 


7.0 


7.0 








water 


81. 6 


69. 1 








Ant i rust ing 
lubricant 


A-208S 

(phosphate ester surfactant) 


0.5 


0. 5 








pH regulating 
agent 


triethanol amine 


1.0 


1. 0 








F i xat i on 
improving agent 


Johncryl 7001 
(acryl emulsion component) 


2. 0 


2. 0 








Wetting 
regulating agent 


KF-618 

(water-soluble modified silicone 
oil) 


0.2 


0.2 








Ant i mo Id agent 


1 , 2-benzo i soth i azo I i n-3-one 


0.2 


0.2 








Ink viscosity 


3.0 


20.0 








Writing ability on non-permeable surface 


® 


® 








Drying of writing on non-permeable surface 


X 


X 








Fixing of writing on non-permeable surface 


X 


X 








Covering power of writing on non-permeable surface 


X 


X 








Blotting of writing on paper 


X 


X 








Ink drying-up at pen tip 


A 


A 









[0023] 



Also the shape and the structure of the bal I -point pen tip are not 
limited to those in the foregoing example, and it" is preferable, for 
5 improving the prevention of ink leakage, to incorporate a valve mechanism 
(not shown in the figure) where the ball, rotatably supported in the pen 
tip is pressed to an internal wall of a pen tip ridge by a coil spring 
disposed in pressure contact with a rear end of the ball either directly 
or across a pressing member whi le not in use, and a gap is formed between 
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the internal wall of the pen tip ridge and the ball by a thrust applied 
at a writing whereby allowing the ink to flow out. 

Also the bal I 8 to be employed in the present invention may be an 
ultra hard bal I formed by an ultra hard material such as tungsten carbide, 
5 or a ceramic bal I such as of si I ica, alumina, zirconia or si I icon carbide, 
but, in order that the ball rotates also on a non-permeable surface such 
as metal, glass or plastics, a smaller rotation resistance is preferable 
between the ball and the ball seat surface as explained before. It is 
therefore preferable to employ a ceramic bal I or a so-cal led mi rror surface 

10 ball having a surface roughness of 5 nm or less in terms of the ar ithmetic 
mean roughness (Ra) and showing a low rotation resistance between the bal I 
and the bal I seat surface. The arithmetic mean roughness (Ra) is obtained, 
as indicated by a following equation 1, by extracting from a roughness 
curve, measured by a surface roughness measuring instrument of stylus 

15 method (model: Form-Talsurf-S1F-5b, manufactured by Tay I or-Hobson Inc.) 
a reference length L in a direction of an average line, and summing the 
absolute value of a deviation from the average line to the curve within 
the extracted portion to determine the average. 
^ [0024] 

2 0 Equat i on 1 rw ~" ~ ~~ ~ — ^ 

Ra = 1 / L * H\f(x)\ 

[0025] 

Testing methods and evaluations 

Each of the water based inks for ball-point pen of Examples 1 - 
25 9 and Comparative Examples 1 - 7 was evaluated and directly fi I led in the 



25 



Patent Application 



Attorney Docket No. KKP-0276 



ink tube 2 of Example 10 to prepare a bal I -point pen 1, which was evaluated 
in fol lowing tests. 

(1) Writing ability on non-permeable surface 

Writing on an untreated glass surface was evaluated: 
® spec i f i cat i ons prov i d i ng extreme I y sat i sf actory 
performances both in ink flow-out and writing; 

0 specifications providing satisfactory performance in 
writing; 

A specifications capable of writing but with certain line 
interruption; 

x specifications incapable of writing. 

(2) Drying of writing on non-permeable surface 

1 g of ink was dropped on a glass plate and was squeezed to an ink 
film thickness of 10 ^m, and the state of the ink film was observed and 
evaluated under a test environment of 23 ± 2°C and a humidity of 50 ± 5 %RH: 

® specifications providing complete drying of the ink film 
less than 20 seconds; 

, O specifications providing complete drying of the ink film 
within 20 to 30 seconds; 

A specif i cations^ prov id ingcomp I ete^ drying of the ink-film 
within 40 to 50 seconds; 

x spec i f i cat i ons requ i r i ng 60 seconds or more for i nk dry i ng. 

(3) Fixation of writing on non-permeable surface 

1 g of ink was dropped on a glass plate, then was squeezed to an 
ink f i Im thickness of 10 jim, was a I lowed to stand for 10 minutes in a test 
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environment of 23 ± 2°C and a humidity of 50 ± 5 %RH f and was rubbed 10 
times with a cotton cloth under a load of 100 gf/cm 2 , and the state of the 
dried ink film thereafter was observed: 

® specifications showing no peeling at all of the dried ink 

5 film; 

0 specifications showing a very si ight damage on the ink f i lm; 
A specifications showing a damage on the ink film; 

x specifications showing a damage in a half or more of the 
ink f i lm. 

10 (4) Covering power of writing on non-permeable surface 

1 g of ink was dropped on a glass plate and was squeezed to an ink 
film thickness of 10 ^un, then the glass plate was placed on a printed 
character and an observation was made to judge whether the printed 
character is legible. 

15 © ink specif icat ions cover ing the glass surface, so that the 

underlying printed character was not legible at all; 

O ink specifications producing the results that the 
underlying printed character was slightly detectable as a trace; 

x ink specifications producing the results that the 
20 underlying printed character was* clear Illegible: ~ 
(5) Blotting of writing on paper surface 

A straight line was drawn on a writing paper A (J IS P3201) in a 
test environment of 23 ± 2°C and a humidity of 50 ± 5 %RH, and under 
conditions of a writing load of 100 gf and a writing speed of 4 m/min ? 
25 and a blotting generated on the writing was observed: 
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® extremely satisfactory writing without any blotting; 

O writing with practically acceptable blotting; 

A writing with somewhat unacceptable blotting; 

x writing with very unacceptable blotting. 
(6) Ink drying-up on pen tip 

The pen was allowed to stand for 24 hours in a cap-off state in 
an environment of 23°C and a humidity of 50 %RH, then a straight I ine was 
drawn on a writing paper A (J IS P3201) under a writing load of 100 gf and 
a state at the start of writing was observed: 

® specifications providing a satisfactory writing within 2 
cm from the start of writing; 

O specifications providing a satisfactory writing in 2 - 4 
cm from the start of writing; 

A specifications providing a satisfactory writing in 5 - 7 
cm from the start of writing; 

x specifications not providing a satisfactory writing after 
7 cm or more from the start of writing. 
(Evaluation) 

Comparative Example 1 provided an ink with an excessively low ink 
viscosity of 3 mPa-s. It was capable of satisfactory writing on the 
non-permeable surface, but showed an evident blotting on the paper surface 
because of an excessively low ink viscosity. Also because of the 
excessively low ink viscosity, the ink flow-out control at the pen tip 
did not function satisfactorily to result in an excessive ink flow-out, 
thus deteriorating the drying property of writing and the fixation of 
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writing. 

Comparative Example 2 provided an ink with an excessively high ink 
viscosity of 35 mPa-s. Because of the excessively high ink viscosity, it 
was incapable of satisfactory writing on the non-permeable surface and 
5 was therefore excluded from the evaluation. 

Comparative Example 3 employed a water and ethylene glycol having 
a vapor pressure at 20°C of 7.0 x 10~ 4 KPa as the solvent. Because of a 
significantly lowered drying property of the ink, the results were 
inferior in terms of the drying property of writing, the fixation of 
10 writing and the blotting of writing on paper surface. 

Comparative Example 4 provided a formulation designed to disperse 
the pigment by a surfactant, without employing a water-soluble resin. 
Although the writing on the non-permeable surface was possible, the 
results were significantly inferior in terms of the drying property of 
15 writing, the fixation of writing and the blotting of writing. 

Comparative Example 5 provided a formulation employing a dye 
instead of a pigment. Because the ink drying at the pen tip proceeded 
rapidly into the inter i or of the pen tip, a sufficient writing performance 
could not be obtained on the non-permeable surface and it was excluded 
2 0 from the eva I uat i on. A I so, though i t was capab I e of sat i sf actory wr i t i ng 
on paper, the writing showed an evident blotting because of a strong 
penetrability of the writing. 

Comparative Example 6 employed a styrene-maleic acid resin instead 
of the acrylic resin, but provided performances similar to those of 
25 Comparative Example 1 because of an excessively low ink viscosity as in 
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Comparative Example 1. 

Comparative Example 7 employed a combination of water, ethylene 
glycol having a vapor pressure at 20°C of 7. 0 x 10" 4 KPa, and isopropyl 
alcohol having a vapor pressure at 20°C of 4. 3 KPa as the solvent. Because 
5 the properties of ethylene glycol were apparently exhibited, the results 
were inferior in terms of the drying property of writing, the fixation 
of writing and the blotting of writing on paper. 

When the water based inks for ball -point pen of Examples 1 to 9 
were emp I oyed i n a mar k i ng pen hav i ng a pen t i p formed w i th a f i ber bund I e, 
10 though such examples being not described in the tables nor illustrated, 
Examples 3 to 9 were incapable of writing because of an excessively high 
ink viscosity. Also Examples 1 and 2 showed complete drying at the pen 
tip, and were incapable of wr i ting due to poor ink dry ing-up performance. 
[0026] 

15 [Effects of the Invention] 

The present invention provides an excellent effect of enabling 
writing also on a non-permeable surface owing to a particular ink 
compos i t i on. 

[Brief Description of the Drawing] 
20 [Fig. 1] This is a schematic view of a bal l-point pen using water based 
ink of the present invention. 
[Description of Reference Numerals] 

1 Bal l-point pen 

2 Ink tube 
25 3 Tip holder 
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4 Bal l-point pen tip 

5 Ball 

6 Tai I cap 

7 Ink 

5 8 Ink fo I lowing member 
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[Document Name] Abstract 
[Abstract] 

[Object] The invention is to provide a water based ink for bal l-point pen 
capab I e of wr i t i ng a I so on a non-permeab I e surface and ba 1 1 -po i nt pen us i ng 
a same ink. 

[Means for Solving Problems] There are provided a water based ink for 
bal l-point pen including a solvent formed by a water and an alcoholic 
solvent having a vapor pressure at 20°C of 0.5 kPa or higher, a pigment 
constituting a coloring material, a water-soluble resin constituting a 
wr i ting fixing agent, and a surfactant of phosphor i c ac i d ester type wher e i n 
an ink viscosity at 20°C is within a range of 5 to 30 mPa-s, and a bal l-point 
pen using the same ink. 
[Selected Figure] Fig. 1 
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